228 Bull. Korean Chem. Soc. 1996, Vol. 17, No. 3

Soo-Dong Yoh et al.

Solvolysis of 1-(4-methoxyphenyl)-1-aryl-2,2,2-trifluoroethyl chlorides

Soo-Dong Yoh, Jeong Min Kweon, Sung 11 Byeon,
*Mizue Fujio, *Masaaki Mishima, and *Yuho Tsuno

Department of Chemistry Education, Kyungpook National University, Taegu 702-701, Korea
*Institute for Fundamental Research of Organic Chemistry, Kyushu University,
Hakozaki, Higashi-ku, Fukuoka 812, Japan
Received September 20, 1995

The rates of solvolysis of 1-(4-methoxyphenyl)-1-aryl-2,2,2-trifluoroethyl chlorides[1] in a variety of solvents were
measured by an electroconductometric method. LArSR relationships (Yukawa-Tsuno eq.) were found to give a linear
plot, log(k/k,)= —1.84[c°+0.918(c*-0°)], in 80% aqueous ethanol. Small |p| and r values in comparison with l-aryl-
1-(trifluoromethyl)ethyl tosylate(p=—6.09, r=1.59) suggested that the carbocationic charge in the transition state was
dispersed by a strong p-n donor, p-methoxy group. Linear mY plots with m=0.90 for all of the substituents in aqueous
acetone and m=0.60-0.82 for those of aqueous ethanol indicate that this solvolysis proceeds viaz an Syl mechanism
with nucleophilic solvent assistance. Thiourea effects and isokinetic temperatures for the rate of solvolysis also can

prove the above mechanism.

Introduction

Since 1980, the interaction of an electron-withdrawing o-
substituent with carbonium ion center developed in ionic
reactions has been studied with important subject.!™3 Solvol-
ysis of systems containing a-trifluoromethyl and a-aryl group
has been extensively studied by Liu,! Tsuno® and Tidwell?
Liu' reported the solvolysis of 1-aryl-1-(trifluoromethyl)ethyl
tosylates in which the o*p treatment gave two lines, one
for activating substituents with a p value of —8.82 and the
other for deactivating substituents with a p value of —6.40.
From these results, the author concluded that the carbonium
ion intermediate of this compound has a high electron de-
mand and the break in the o*p plot suggests a change of
mechanism.

Nevertheless, Liu et al®® later noted that the solvolysis
rates of 1-aryl-1-(trifluoromethyl)ethyl tosylates gave a strai-
ght line in the Hammett-Brown plots. The rate-retarding ef-
fect of the a-trifluoromethyl group is so large that the reac-
ton constant had a highly negative value, —7.46. It reveals
that the reaction center has a very high electron demand.

On the other hand, the application of the Yukawa-Tsuno
equation of this reaction can also be correlated with a high
r value of 1.59 and value of —6.09. The authors suggested
that the carbonium ion intermediate have very high electron
demand and nucleophilic solvent assistance in the transition
state.

In a recent study, The solvolyses of 1-aryl-1-phenyl-2,2,2-
trifluoroethyl bromides, 1-aryl-1-(4-phenoxyphenyl)-2,2,2-trif-
luoroethyl bromides, and 1-aryl-1-(4-phenoxyphenyl)-2,2,2-tri-
fluoroethy! chlorides were carried by Liu and his coworkers'
in a variety of solvents. The treatment of the rate data with
both Yukawa-Tsuno and Hammett-Brown equations resulted
in good to excellent linear relationships and the inverse or-
ders of reactivities, ky.crs/kmcrs)>1, were obtained for all
three substances in different solvents.

Recently, Tsuno and his coworkers?. reported the rates
of solvolysis of 1-aryl-1-(trifluoromethyl)ethyl tosylates in 80
% aqueous ethanol for a series of substituents. The Ham-

mett-Brown treatment fails to give a simple linear plot, but
all the p-n-donors deviate upward from the m-correlation
line. On the other hand, Yukawa-Tsuno LArSR Eq. gives
a linear correlation over the whole range of substituents,
log (k/k,)= —6.29[ 0"+ 1.39(c™ — o”)], with excellent precision.
Strong destabilization of the carbocation intermediate by a-
CF; appears to be reflected only in the extremely high »
value.

In the present paper, we prepared 1-(4-methoxyphenyl)-1-
aryl-2,2,2-trifluoroethyl chlorides containing a strongly activa-
ting 4-methoxyphenyl group as shown in [I], and we now
wish to report the results of the solvolysis and thiourea ef-
fect of this compound.
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From those kinetic results, we attempt to compare with
mechanistic shift of this compound and other deactivating
compounds. And also we describe a useful probe for a solvol-
ysis mechanism using the neutral nucleophile thiourea for
which confusing salt effects are absent and solvent effects
are small.

Result and Discussion

General Approach and Hammett plot. The first-or-
der rate constants of the solvolysis of 1-(4-methoxyphenyl)-
l-aryl-2,2,2-trifluoroethyl chlorides were measured by elect-
roconductometric method in aqueous ethanols and acetones.
As shown in Tables 1 and 2, the electron-donating substitue-
nts facilitates the reaction, indicating the positive charge de-
velopement at the reaction center containing an a-CF; group.

Aqueous ethanols are much sronger nucleophilic solvent
than aqueous acetones. As a consequence, solvolysis reac-



Substituent and Solvent Effect in Solvolysts

Bull. Korean Chem. Soc. 1996, Vol. 17, No. 3 229

Table 1. Rate Constants for Solvolysis of 1-(4-Methoxypheny)-aryl-2,2,2-trifluoroethyl Chlorides in Aqueous Acetone at Various Tem-

perature
Aq. Acetone 10* k, sec™?
Substituents
(Vol.%) 25 T 3BT 45 T 55 T 65 T 75 C
4-Me0-3-Cl 80 0.528 149 347 7.90
4-CH, 90 0.0170 0.0410 1.17* 0.571
80 0.179 0.541 1.60* 4.37
70 1.00 2.84 7.10* 17.0
60 4.22 111 24.1* 51.3
50 14.6 421 78.0* 151
3-CH, 90 0.0110* 0.0670 0.247 0.369
80 0.0810 0.300 0.864* 242
70 0437 147 4.05* 10.8
60 175 572 13.5* 319
50 7.34 209 45.9* 100"
H 90 0.00700* 0.0580 0.216 0.392
80 0.0660 0.575* 212 6.04
70 0.354 2.77 9.10* 28.0
60 1.57 9.62* 26.0 79.0
50 6.63 420 91.8
4-CF; 80 0.0850* 0.294 0421 0.837
70 0.0620 0.204 0.673* 203
60 0.261 2.16* 7.50 22.2
50 1.07 7.23* 20.6 66.2
40 2.69* 8.27 244 644
3-CF; 80 0.0130* 0.0330 0.110* 0419 143
70 0.0830* 0.204 0.607* 197 6.74
60 0.260 2,12+ 7.34 215
50 1.04 7.12* 23.1 56.5
40 3.38 10.3 25.7* 62.2
*; Extrapolated values from the data at other temperatures.
Table 2. Rate Constants for Solvolysis of 1-(4-Methoxyphenyl)-aryl-2,2,2-trifluoroethyl Chlorides in Aqueous Ethanol
Agq. Ethanol 10* k, sec™!
Substituents
(Vol.%) 25 T 3BT 45 T 55 T 65 T 75 T
4-Me0O-3-Cl 80 3.93 6.75 18.1* 40.8
4-CH; 90 0.600 1.84 4.61* 11.3
80 2.35 7.12 14.9* 319
70 551 15.1 33.1* 718
3-CH,4 90 0.256 0.896 2.25* 6.43
80 0.960 3.55 8.80* 222
70 3.24* 8.79 24.0* 55.6
H 90 0.187 1.59* 454 22.2
80 0.764 6.05* 16.8 774
70 4.1
4-CF; 90 0.0380* 0.295 0.769 1.68 4.19
80 0.119 1.19* 349 216
70 0.345* 1.17 3.59 10.6
3-CF; 90 0.0460* 0.301* 0.721 154 346
80 0.0890 0.857* 2.90 122
70 0.302* 0.827 2.58* 845 36.3

*; Extrapolated values from the data at other temperatures.

tions proceeding with nucleophilic solvent assistance in
aqueous ethanols show larger rate constants than that of
aqueous acetones, since the large hydrogen bonding effects

in aqueous ethanols stabilize the transition state in this sol-

volysis reaction.

The Hammett-Brown treatment of the solvolytic rate cons-
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Figure 1. The Hammett-Brown treatment (p= —1.74, R=0.998
in ethanol and p=—1.60, R=0.989 in acetone) for the solvolysis
of 1-(4-methoxyphenyl)-1-aryl-2,2,2-trifluoroethyl chlorides in 80
% ethanol and 80% acetone at 25 T.
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Figure 2. The Yukawa-Tsuno treatment (p= —1.84, r=0918,
R=0.999 in ethanol and p= —1.36, r=1.29, R=0.999 in acetone)
for the solvolysis of 1-(4-methoxyphenyl)-1-aryl-2,2 2-trifluoroe-
thyl chlorides in 80% ethanol and acetone at 25 T.

Table 3. Substituent parameters

Substituents o c* Acg*
4-methoxy —0.100 —0.800 —0.700
4-methoxy-3-chloro 0.220 —0470 —0.690
4-methy! -0.124 -0.311 —0.187
3-methyl —-0.069 0 0
H 0 0 0
4-trifluoromethyl 0.505 0 0
3-trifluoromethyl 0.493 0 0

tant of 1-(4-methoxyphenyl)-1-aryl-2,2,2-trifluoroethyl chlori-
des in 80% aqueous ethanol and acetone displays a non-li-
near correlation as shown in Figure 1. But, the Yukawa-Tsuno
LArSR Eq. gives a linear correlation log (k/k,)=—1.84[c’+
0.918(c*-0°)] in 80% aqueous ethanol with excellent preci-
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Figure 3. Log-log plot between the solvolysis of 1-(4-methoxy-
phenyl)-1-aryl-2,2,2-trifluoroethyl chlorides in 80% and 70% etha-
nol at 55 C.
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Figure 4. Log-log plot between the solvolysis of 1-(4-methoxy-
phenyl)-1-(4-methylphenyl)-2,2,2-trifluoroethyl chloride and 1-(4-
methoxyphenyl)-1-(3-methylphenyl)-2,2,2-trifluoroethyl  chloride
in aq. acetones at 25 T.

sion in Figure 2. Especially, small |p| value (p* of H-B,
p of Y-T Eq.) and » value for the solvolysis of compounds
[ 1] in comparison with 1-aryl-1-(trifluoromethyl)ethyl tosylates'
suggested that strongly destabilized carbocation intermediate
by a-CF; group was stabilized by strong p-n-donor, p-metho-
xyphenyl group. The substituent parameters (c°, Aog*, and
%) employed in the present analysis are given in Table
3.

The logarithmic rate plot of 80E ws. 70E for the whole
substituent range gives a linear correlation with slope of
1.12 without significant deviation as shown in Figure 3. The
logarithmic rate comparison of the isomer of Iscy, with
Iicu; shows also a linear correlation as shown in Figure 4.
These are suggested that any mechanistic shift in solvolysis
of this system was not observed for changes of ethanol %
and substituents.

The mechanism of unimolecular solvolysis reactions can
be effectively predicted by the use of the Grunwald-Winstein
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Table 5. Effect of Thiourea Addition on Solvolysis Rate of 1-
(4-methoxyphenyl)-1-aryl-2,2,2-trifluoroethyl Chlorides in 80%
Acetone and 80% Ethanol at 55 C

Maw Mew . Thiourea, mol/L
Substituents Solvents Substituents kn/Ro
Y Yiaaa Yt Yiada 0 0.04 0.1
4-CH; 091 0.76 0.72 0.57 80% Acetone 4-CH, 436 452 752 7.55
3-CH; 0.87 0.77 0.82 0.65 3-CH,4 242 257 314 3.05
H 091 0.79 H 212 223 281 341
4-CF, 0.90 0.73 0.71 0.56 4-CF, 042 043 0.58 384
3-CF; 0.90 0.71 0.60 048 3-CF; 042 043 067 6.28

equation (1).! In equation (1), # and k, are the rate constant
of solvolysis in any solvent and 80% v/v ethanol/water, res-
pectively. The m value is a measure of the sensitivity of
the specific rate of solvolysis of the substrate under investi-
gation to changes in the Y value, defined by m =1 for solvol-
ysis of tert-butyl chloride at 25 C.

log (k/k)=mY 6h)

The Y scale based on the solvolysis of tert-butyl chloride
has been shown to contain a component based on the nu-
cleophilic characteristics of the solvent. It has been recom-
mended that this component be eliminated by choosing as
the standard substrate 1-adamantyl chloride or 2-adamantyl
tosylate. Bentley et al® defined a scale of solvent ionzing
power for chlorides (designed Y¢) by egation (2), with Rg
referring to l-adamantyl chloride (m=1).,

log (k/ko)ra=mYa @

where %k and k, are the same as in equation (1).

Solvolysis rates of 1-(4-methoxyphenyl)-1-aryl-2,2,2-trifluc-
roethyl chlorides were determined in a wide variety of sol-
vents and the solvent effects were analyzed by the Grun-
wald-Winstein equation (1). The results of correlation analy-
sis using Equations (1) and (2) are listed in Table 4.

The plots of logarithm of ¥ and Y vs. solvolytic rate con-
stants of compound I, ch; in aqueous acetone and aqueous
ethanol were divided into two lines in which upper line re-
presents the nucleophilic solvent assistance during the solvo-
lysis of 1-(4-methoxyphenyl)-1-aryl-2,2,2-trifluoroethy! chlori-
des. General trend, the maw values for aqueous acetone(the
range of 0.71-0.91) are larger than those of aqueous ethanol
in which mgy values are in the range of 0.48-0.82. This sug-
gests that nucleophilic solvent assistance is more sinificant
for the reaction in aqueous ethanol. Consequently, the corre-
lation coefficients are not so good in aqueous ethanol, espe-
cially electron withdrawing groups. For aqueous acetone se-
ries, the m,w values by using Equation (1) and (2) are cons-
tant of ca. 0.9 and 0.71-79, and independent on the substi-
tuent change.

The large and constant maw values covering all substitue-
nts indicate that carbocationic intermediate was produced
in the solvolysis of compound [I] as in the solvolysis of
tert-butyl chloride and 1-adamantyl chloride. On the other
hand, the mgw values vary in the range of 0.60-0.82 and
0.48-0.65 based on Y and Y scale. These results support
that the solvolysis mechanism of compound [I] proceeds via

80% Ethanol 4-CH; 319 378 458 433
3-CH; 222 276 299 341

H 168 210 231 3.61
4-CF; 349 392 458 313
3-CF; 290 345 391 342

a carbonium ion intermediate.; that is, The solvolysis reac-
tion of compound [I] represents Syl mechanism, in which
the character of carbonium ion in aqueous acetone is larger
than aqueous ethanol.

Thiourea effect. McManus and his coworkers® reported
that kinetic effects of the neutral thiourea is a useful probe
in elucidating a solvolysis mechanism since the neutral
thiourea can eliminate the complexties arising from a kind
of salt effect. The rates constants for the solvolysis of com-
pound [I] in the presence or absence of thiourea were mea-
sured by an elecroconductometric method in 80% ethanol
and 80% acetone, respectively. The concentration of thiourea
was in the range of 0.04 and 0.1 mol/L at the initial substrate
concentration of ca. 107* mol/L. The observed rate constants
(kas) in the presence of thiourea were a little larger than
the one in the absence of thiourea as shown in Table 5.

Thiourea had a slight rate-retarding effect® in the solvoly-
sis of l-adamantyl bromide. This rate retardation might be
caused by a slight reduction in ionizing power of the me-
dium. To the contrary, salts are known to cause rate accele-
rations by specific solvation and by increasing the ionic stre-
ngth of the medium.”®

In this work, we found a linear kinetic response to thiou-
rea concentration. Thus, the effect of thiourea on the obser-
ved rate can be described by Equation (3),° where ky is the
second-order rate constant for the reaction of thiourea addi-
tion and [Nu] is the molarity of added thiourea.

koss =k, + N[ Nu] 3

From the plots of k., against concentration of thiourea,
we can get the value of kn/ksu,. This value is the susceptibi-
lity of substrates to nucleophilic attack by the added thiou-
rea.

The kn/kswy values® for the solvolysis of 1-adamantyl bro-
mide, 2-octylmesylate, ethyl tosylate and methyl tosylate are
—0.390, 183, 31.1 and 43.6, respectively. From the above
results, we can see that the ky/ky,, values is increasing with
increasing Sy2 character. Consequently, the kinetic effects
of added thiourea might be a useful probe for elucidating
the reaction mechanism between Syl and Sy2 type reactions.
In the 80E and 80A, the values of kn/ks, of the solvolysis
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Table 6. The Activation Parameters for the Solvolysis of 1-(4-
methoxyphenyl)-1-aryl-2,2,2-trifluoroethyl Chlorides in Aqueous
Ethanol and Acetone

Substit- Ethanol Acetone
Solv. AH* AS*  Solv. AH* AS*
uents (kcal/mol) (e.u.) (kcal/mol) (e.u.)

4-CH; 9E 1832 -—1641 90A 2275 —8.69

80E 1608 —2119 80A 2014 -—12.72

70E 1593 —2002 70A 1773 —17.37

60A 1550 —22.00

50A 1430 —2355

3-CH, 90E 2017 —1191 80A 2134 —10.29
80E 1953 —1143 70A 2008 —11.12

60A 1804 —15.22

50A 1623 —1845

H 90E 19.23 —15.69 80A 1851 —20.19
80E 1857 —15.08 70A 17.78 —19.27

60A 1581 —2291

50A 1651 —17.72

4-CF; 80E 20.17 —1343 70A 22.11 —8.24
60A 1813 —1872

50A 16.67 —20.80

3-CF; 80E 1997 —1466 60A 1803 —19.06
70E 1964 —1336 50A 1630 —22.08

40A 1818 —1345

24

20

@® p-CH, (B =550K)
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Figure 5. Plots of AH* vs. AS* for the solvolysis of 1-(4-metho-
xyphenyl)-1-aryl-2,2,2-trifluoroethyl chloride in aqueous acetone.

of compound [I] are in the range of 3.05-7.55 as shown in
Table 5.

Therefore, we can predicted that the solvolysis of 1-(4-me-
thoxyphenyl)-1-aryl-2,2,2-trifluoroethyl chlorides in aqueous
ethanol and aqueous acetone favors the Syl reaction with
nucleophilic solvent assistance.

Isokinetic relationship. It has often been found that
a linear relationship!! exists between the enthalpies and ent-
ropies of activation for a series of related reactions as shown
in (4).

AAH*=BAAS* @

The constant B has the dimensions of temperature and is
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actual or virtual temperature at which rates of all members
of the series are equal, the isokinetic temperature. A plot
of AH* vs. AS™ for the solvolysis reactions yielded good
correlation line with an isokinetic temperature of 550 K, 558
K and 416 K for 4-CH;, 3-CH;, and 4-CF; compounds in
aqueous acetone as shown in Table 6 and Figure 5.

Since the above B values are below the experimental tem-
perature, this solvolysis reaction is controlled by activation
enthalpy. This results support that the solvolysis reaction
of compound I represents Syl character.

Experimental section

General remarks. NMR spectra were recorded on a
Bruker AM-300 Spectrometer with TMS as an internal stan-
dard. Mass spectral analysis was obtained with HP 5890 se-
ries II GC/5970 instrument. Purities of synthetic materials
were investigated with a Varian 3300 gas chromatography.
For the isolation and identification of synthetic materials
were used sillica gel and Art 5554 DC-Alufolien Kieselgel
60 Fzss from Merk.

Materials. Acetone and ethanol for the kinetic studies
were used reagent grade of Merk and purified according
to standard procedures.’ Water for kinetics was obtained
by distilling deionized water twice after oxidation by KMnO,.
% For diethylether, after drying with metal sodium, it was
refluxed over benzophenone (10 g) for 30 hours untill the
color of the solution appears blue and distilled.

Reagents for the preparation of alcohols, which were obtai-
ned from commercial sources were used without purification;
trifluoroacetic acid from Junsei, magnesium turning, p-bro-
moanisole, p-bromotoluene, bromobenzene, p-bromobenzotrif-
luoride, m-bromobenzotrifluoride from Aldrich.

Ethyl trifluoroacetate. 14.1 mL (0.241 mole) of ethanol
was added into 16.7 mL (0.219 mole) of trifluoroacetic acid
at 0 € and 13.5 mL (0.241 mole) of 95%-H,SO, was added
to the above mixture in small portions carefully with swirl-
ling. The mixture was allowed to cool and heated the mixtu-
res to reflux for 1 hour. The crude ester was fractionated.:
bp 60-61 T (lit™ bp 60-62 T) ,

4-methoxy-0,a,a-trifluoroacetophenone. (CH;OC:H,
COCF3) According to an ordinary method,* 4-methoxypheny-
Imagnesium bromide was prepared by slow addition of 18.7
g (0.100 mole) of 4-bromoanisole dissolved in 20 mL of anhy-
drous ether into 2.67 g (0.110 mole) of magnesium turning
in 20 mL anhydrous ether. The Grignard reagent was added
dropwise to a stirred solution of ethyl trifluoroacetate (14.207
g, 0.1 mole) in 20 mL anhydrous ether under nitrogen at
the dryice-acetone temperature. The stirring of reaction mix-
ture was continued for 2 hours at room temperature. The
reaction mixture was treated with 10% NH,C! solution,and
then extracted three times with ether. The extract was wa-
shed, neutralized with 10% NaHCO; solution, and dried with
anhydrous MgSO,. 4-methoxy-a,0,a-trifluoroacetophenone
was isolated by distillation (Yield 23%).

: NMR (300 MHz, CDCly); & 3.78 (3H, s, OCH;), 6.70-7.0
(4H, m, Ar)

1-(4-methoxyphenyl)-1-(4-methylphenyl)-2,2,2-trif-
luoroethanol. Grignard reagent made from the reaction
of 4-bromotoluene (7 g, 0.04 mole) with magnesium turning
(1.2 g, 0.05 mole) was added dropwise into a stirred solution
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Table 7. NMR and Mass Spectral Data of 1-(4-methoxyphenyl)-
1-aryl-2,2,2-trifluoroethanols

Substituents (*H) NMR, 8 (ppm)

4-CH; 223 (s, 3H ,CHy)
353 (s, 1H, OH)
357 (s, 3H, OCHy)
6.70-7.46 (m, 8H, Ar)

3-CHs 220 (s, 3H, CHy)
352 (s, 3H, OCHy)
369 (s, 1H, OH)
6.69-7.52 (m, 8H, Ar)

Mass, m/e

296 (M*)
227 M*-CF3)

296 (M™)
227 M*-CF»)

H 351 (s, 3H, OCHy) 282 (M™")
367 (s, 1H ,OH) 213 (M*-CF3)
6.65-7.72 (m, 9H, Ar)

4-CF; 356 (s, 3H, OCHy) 350 M™)

3.85 (s, 1H, OH)
6.71-7.69 (m, 8H, Ar)
3-CF; 358 (s, 3H, OCHy)
404 (s, 1H, OH)
6.74-7.99 (m, 8H, Ar)

281 M*-CFs)

350 (M*)
281 (M*-CFs)

Table 8. NMR and Mass Spectral Data of 1-(4-methoxyphenyl)-
1-aryl-2,2,2-trifluoroethyl Chlorides

Substituents (‘H) NMR, & (ppm) Mass, m/e

4-CH; 245 (s, 3H, CH,) 316 M+2)
3.78 (s, 3H, OCHy) 314 M)

6.80-7.43 (m, 8H, Ar) 279 (M*-Cl)

3-CH; 243 (s, 3H, CH3) 316 M+2)
3.80 (s, 3H, OCH») 314 (M)

6.83-7.50 (m, 8H, Ar) 279 (M*-CD

H 3.81 (s, 3H, OCHs3) 302 M+2)
6.84-7.52 (m, 9H, Ar) 300 M)

265 (M*-CD)

4-CF; 3.82 (s, 3H, OCHy) 370 M+2)
6.87-7.68 (m, 8H, Ar) 368 (M*)

333 (M*-Cl)

3-CF; 3.81 (s, 3H, OCHy) 370 M+2)
6.85-7.82 (m, 8H, Ar) 368 (M)

333 M*-C1)

of 4-methoxy-a,0,a-trifluoroacetophenone (8.35 g, 0.04 mole)
in 15 mL of anhydrous ether under nitrogen at 0 T and
stirred for 2 hours at room temperature. The reaction mix-
ture was hydrolyzed, extracted, and dried as in the above
procedures. Extracted alcohol was identified with TLC and
separated with sillicagel column.

'"H NMR and Mass spectral data of all alcohols are listed
in Table 7.

1-(4-methoxyphenyl)-1-(4-methylphenyl)-2,2,2-trif-
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luoroethyl chloride. The chlorination of tertiary.alcohols
proceeded with thionyl chloride to give the chlorides (80-95%
yield). The chloride compound was monitored by TLC and
separated by column chlomatography (benzene : hexane=1:
1). ‘

'H NMR and Mass spectral data are listed in Table 8.

Kinetics. Solvolysis rates were measured by an electro
conductometric method.® Conductance measurement were
made in a cell with platinium electrodes using approximately
a 25 c¢m® solution at an initial concentration of 107¢ mol/L
of substrate. Conductivity readings were taken by using a
conductivity meter (CM-60S equipped with time interval unit
and printer, TOA Electric Ltd.). All solvolysis reaction were
followed by taking at least 40 points for three half-lives and
an infinity reading was taken after 10 half-lives. The first-
order rate constants were determined by least squres com-
puter program and gave excellent first-order behavior with
correlation coefficient of greater than 0.999. Arrhenius plots
of rate data obtained at 35, 55, 65 and 75 C were used
to estimate rate constant at 25 T.
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Second-order rate constants have been measured spectrophotometrically for the reaction of p-nitrophenyl acetate
(PNPA) with morpholine, piperazine and piperidine in MeCN-H,O mixtures of varying compositions. The rate of the
present aminolysis decreases upon additions of MeCN into H,O up to near 30-40 mole % MeCN and remains nearly
constant upon further additions of MeCN. The reaction of PNPA with anionic nucleophiles, such as HO™, p-chlorophe-
noxide and butane-2,3-dione monoximate, has also exhibited two distinguishable reactivity zones. However, the reacti-
vity trend for the anionic nucleophiles is quite different from the one obtained for the amine system, eg an initial
rate decrease in the H,O-rich region followed by an increasing rate trend upon further additions of MeCN in the
MeCN-rich region. The rate behaviors shown by the amine system in the MeCN-rich and by the anionic system
in the H,O-rich region are unexpected based on the Hughes-Ingold rules. The present unusual rate trends have
been attributed to changes in the solvent structure and pK, of the nucleophiles upon the addition of MeCN into
H:O. The effect of solvent appears to be more significant for the TS than the GS, and the TS structure is considered

to become tighter in the higher MeCN concentration.

Introduction

The effect of solvent on organic reactions have been ex-
tensively studied.!™® Current research is mostly focused on
the investigation of solvent effect on reaction rates and me-
chanisms in binary mixtures of H,O with dipolar aprotic sol-
vents, such as dimethyl sulfoxide (DMSQ)* and acetonitrile
(MeCN).® Significant rate accelerations have often been re-
ported upon additions of aprotic dipolar solvents into H,O
for the reactions involving anionic nucleophiles.® However,
on the contrary, rate retardations have also been observed
for reactions of neutral species developing a charge in the
transition state (TS) upon solvent changes from H,O to
aqueous diolar aprotic solvent mixtures.” Such solvent effects
on reaction rates could be nicely explained by the Hughes-
Ingold rules in a qualitative manner,® since gradual increase
of the mole % of such organic solvents is considered to cha-
nge H-bonding structure of H;O and the microenvironment
of the reactant and TS.

We have performed a systematic study for the reaction
of p-nitrophenyl acetate (PNPA) with alicyclic amines and
with anionic nucleophiles, as shown in Scheme 1 for the
aminolyses. Aminolyses of esters have been extensively stu-
died due to importance of acyl transfer reactions in biological
processes, such as the acylation of chymotrypsin and other
serine proteases by amides or the analogous acylation of

o) . o
CH g—o——@ NOo, + HN X == CH+ o— NO.
3 —NU; - v 2
N/ .

O H
1,1\ .
— CH,C—N X + o— NO,
/

X = CH: ; piperidine
X = NII ; piperazine
X = O ; morpholine

Scheme 1.

papain and other cystein proteases.’® However, systematic
studies of solvent effect on aminolyses have been lacking.
Since dissection of solvent effect into the ground state (GS)
and TS contributions would be expected to give us useful
information about solvent effect, we have measured enthal-
pies of solution (AH,;) of the nucleophilic amines as well
as activation parameters (AH* and TAS*) for the aminolyses.
In the present paper, we wish to report unexpected rate
trends based on the Hughes-Ingold rules and plausible exp-
lanations for the unusual rate trends upon the present sol-
vent change.



